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ABSTRACT 


This  study  inveatigstes  the  differences,  simulations,  and 
interrelationships  between  insulation  resistance  and  di^ectric  strength 
testing  to  determine  if  either  can  be  eliminated  to  effect  econon^  in 
testing. 


SUMMARY 


The  object  of  this  study  is  to  determine  the  most  economical 
test  metiiod  for  insulation  resistance  and  dielectric  strength  testing. 

It  is  common  practice  in  some  ii^ustries  to  test  hy  elevating  &c 
insulation  resistance  DC  toting  voltage  some  multiplying  factor 
which  has  bemi  determined  as  equival^t  to  the  dielectric  strength  AC 
t^t*,  sM  thus  elimin^  the  dielectric  strength  test  altogether,  resulting 
in  economic  general  hy  the  sav^s  in  testing  time,  data  reduction 
and  analysis,  and  t^t  hardware.  This'analysis  wiH-invcstigatelihe 
dlfier^es,  similsriti^,  and  interrelationships  between  insul^cn 
r^istance  and  did^tiic  strength  t^tii^  to  determine  if  there  is  an 
overlap  or  equivalmt  duplication  of  testii^  that  c(^d  be  eliminated, 
r^ulilng  in  sbove  m@i:tioned  ^^momies.  This  study  is  also  exited 
to  Include  the  theoretical  analysis  of  the  vari^ms  fyp^  of  failures  and 
breaiteiowns  teat  can  occ^r  in  insulation  r^lstance  md  dielectric  strength 
testing.^  >'^8  Qrpe  of  knowl^e  is  n&sessary  before  ai^one  can  com* 
p^^Uy  ^afalish  sp^^Rcation  t^t  requirem^ts  and  t^t  meteods. 


CONCLUSIONS 


Aiitiraft  equipment  testing  found  dielectric  strength  testing 
of  28-'VOlt  ejuipment  at  500  volts  rms  and  60  hertz  not  sufficient  in 
detecting  flaws  in  insulation  thicker  than  one  mil,  therefore  this  test 
will  not  offer  more  significant  data  than  an  insulation  resistance  test  of 
300  volts  DC  and  it  will  not  provide  quantitative  leakage  data. 


L  REASONS  FOR  INSULATION  RESISTANCE 
AND  DIELECTRIC  STREXGTIi  TESTING 


Rirpose  of  Insulation  Reslstanc:^  T^silsg 

The  primary  iHirpose  of  issuiation  resjsi^sce  tdifecf  current) 
testiag  is  to  determine  if  the  leakage  currents  in  an  insulator  are  lou- 
eaoi^h  to  ensure  safe  and  reliable  operation  with  a  mmimum  of  main¬ 
tenance  and  repair.  Inj'ilation  resistance  testing  checks  insulation 
condition  with  respect  to  dryness  and  contamination  ^wth  dirt,  oil*  and 
chemicals.  Low  insulation  resistance  can  form  unwanted  paths  for 
currOTt  which  can  disrupt  and  cause  failure  is  the  components  serve  as 
false  signals,  or  dissipate  electrical  signals.  WTien  leakage  currents 
are  excessive,  insulation  deterioration  is  accelerated  because  of  internal 
heating  or  through  electrolysis.  Cold  flow  of  the  insulation  may  cause 
the  insulation  resistance  to  be  lowered  to  the  point  where  large  leakage 
currents  m^  be  formed.  Insulation  resistance  testiag  can  assure 
adequacy  of  insolation  thickness,  proper  clearance  of  pai^j  and  lack  of 
mscbanical  defects  which  car.  cause  electrical  breakdown.  Insulation 
r^istanae  tests  indicate  not  only  the  immediate  condition,  but  can  be  used 
to  estimate  the  probable  future  life  of  the  insulation  by  observing  the 
value  of  the  leakage  current  as  the  voltage  Is  increased.  If  the  leakage 
current  rises  linearly  to  the  final  value  of  the  test  voltage,  the  life 
expectancy  of  the  tested  item  can  be  expected  to  be  good.  If  the  leakage 
currmt  changes  exponentially  to  the  final  value  of  the  test  voltage,  the 
life  e^>ectancy  of  the  item  will  probably  be  shor?, 

bisttlation  resistance  testing  is  affected  1^'  the  temperature,  time 
and  rate  of  application,  level  of  applied  voltage,  moistur*;,  contour  of  the 
sp^im^,  OTvironment,  contamination,  aging,  and  pr*=vtous  history  of  the 
ins^ation.  Insulation  resistance  testing  is  mainly  used  as  a  nondestructive 
trat  made  on  high  capacitive  items,  motors,  generators,  cable  runs, 
compoaeite,  assemblies,  or  compl&t«l  equipment  to  determine  whether  the 
insulation  level  is  satisfactorily  high  to  assure  reliable  operation.  In- 
sulatiou  resistance  testing  can  minimize  the  possibili^  of  expensive  service 
failures,  can  show  up  cases  of  inadequate  design,  and  can  lead  to  a  more 
efficieit  product. 


Purpose  of  Dielectric  Strength  Testing 


The  primary  purpose  of  dielectric  strength  (alternating  current) 
testing  is  to  determine  if  the  dielectric  can  operate  safely  ai.d  reliably 
at  its  rated  voltage  and  if  it  can  withst-.nd  high  voltage  surges  and 
transients.  S^^’itching  transients  and  high  operating  voltage  have  emphasized 
the  need  for  high  quality  dielectrics  and  dielectric  strength  tests  to 
prevent  breakdown.  Transients  caused  by  ^apacitive  discharges  are 
infrequent  because  they  must  be  charged  above  line  voltage.  Transients 
caused  by  inductive  discharges  are  very  common  and  usually  occur  in 
motors,  solenoids,  relays,  or  with  any  interruptton  In  any  inductive 
circuit.  The  maximum  instantaneous  voltage  will  be  equhl  I  volts 

where  L  =  inductance 

C  =  capacitance 

I  =  current 

A  circuit  with  a  10  mh  inductor,  a  100  pf  capacitor  and  a  current  of  100  ma 
can  have  a  transient  of  1, 000  volts.  Dielectric  strength  testing  can  de¬ 
termine  which  materials  are  extremely  susceptible  to  corona  damage, 
carboa-zation,  and  puncture  by  high  voltage  surges.  Insulation  should  with¬ 
stand  dielectric  strength  testing  without  rupture,  in  addition  to  preventing 
excessive  current  flow  between  two  circuits.  Solid  electrical  insulation 
materials  are  generally  nonhomogeneous  and  may  contain  dielectric  defects 
of  various  kinds.  We^  spots  within  the  material  usually  determine  if 
the  test  results  will  be  good  or  bad. 

Dielectric  strength  testing  is  affected  by  temperature,  pressure, 
time,  rate  and  level  of  application,  moisture  or  humidity,  frequency, 
thickness  of  specimen,  electrode  configuration,  environment,  contamination, 
waveshape,  aging  and  previous  test  history.  Dielectric  strength  tests  can 
be  conducted  either  with  AC  or  DC,  but  AC  is  generally  used  to  determine 
if  large  capaci^ve  currents  are  present  in.  addition  to  leakage  currents.  As 
a  rule,  dielectric  strength  tests  arc  used  for  production  testing  of  small 
ctpacitive  items,  for  materials  testing  and  anywhere  go-no-go  information 
is  desired.  Defective  equipment  caught  early  can  prevent  extensive  and 
costly  repairs  and  ensure  reliability,  quality,  and  safety. 
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IL  COMPARISON  OF  ALTERNATING  CURRENT  TO  DIRECT 

CURRENT 


The  Dieleotric  Circuit 

The  following  differences  between  insulation  resistance  and 
dielectric  strei^^  testing  were  found  to  exist: 

£u  Dielectric  strength  tests  are  usually  conducted  with  alternating 
current  and  are  mostly  used  for  o-no-go  testing  of  small,  low  capacitance 
equipment,  for  production  testing,  and  materials  tests. 

b.  Insulation  resistance  tests  are  conducted  with  direct  current 
and  are  made  on  components,  assemblies,  or  completed  equipment  items  to 
determine  whether  the  insulation  level  is  high  enough  to  assure  reliable 
operation.  They  are  generally  employed  where  quantitative,  rather  than 
qualitative  results,  are  necessary  or  when  large  equipment  or  cable  runs 
having;  high  c^acit^ce  must  be  testol. 

c.  Because  direct  current  voltage  distribution  is  inversely  pro" 
portio^  to  conductivity -and  alternating  current  voltage  distriimtion  is 
determined  by  .permittivily,  thermal  a-xd  disruptive  breakdown  will  usually 
occur  first  with.AC,  while  intrinsic  breakdown  will  usually  occur  first  with 
DC  for  a  giv^  voltage  and  time. 


The  following  similarities  between  insulation  resistance  and  dielectric 
strength  testing  were  foimd  to  exist: 

a.  As  a  dielectric  material  or  component  is  repetively  test^, 
a  lower  test  voltage  will  give  tiie  same  results  as  did  the  initial  test  voltage 
due  to  deterioration  caused  by  voltage  fatigue. 

b.  Because  dielectric  strength  factors  are  not  significant  at  low 
frequencies  if  capsksitance  is  low,  a  graph  (based  on  capacitive  power  factor) 
was  generated  to  indicate  when  to  use  Insulation  resistance  and/or  dielectric 

^  strength  testing.  ^  n^ecting  the  leakage  current  or  the  capacitive  current 
when  it  is  10  peremit  or  less  of  the  total  current,  the  related  test  may  be 
omitted. 
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The  following  interrelationships  between  insulation  resistance 
and  dielectric  strength  testing  were  found  tc  oxist: 

a.  In  the  early  days  of  the  e’e-trical  industry,  DC  high 
potentials  were  unobtainable  and  with  the  d(;velopment  of  transformers, 
alternating  current  generators  and  motors,  most  insulation  testing  was 
done  with  AC.  Today,  with  great  advances  in  the  field  of  selenium  and 
silicon  solid-state^reetifiers,  the  DC  test  set  is  being  used  in  areas  where 
AC  once  predominated. 

b.  There  can  be  no  general  agreement  on  an  AC  rms  to  DC 
conversion  factor  because  materials  will  differ  in  leakage,  and  electrolsrtic 
action. 

The  quivalent  circuit  of  a  dielectric  may  be  represented  by  a 
capacitor,  C,  and  resistance  Ra  and  Rb  in  parallel  as  shown  in  Figure  1  (a) 
when  an  AC  current  is  used. 


Figure  1(a)  AC  Dielectric  Circuit  Figure  1(b)  DC  Dielectric  C  rcuit 


The  capacitance  represented  ty  C  is  between  the  two  metallic  circuits,  the 
resistance  Ra  represents  the  absorption  losses  and  Rb  represents  the  leakaj  e 
paths  through  and  over  the  insulation.  Figure  1  (b)  represents  the  equivaler  c 
circuit  of  a  dielectric  when  DC  is  used  and  capacitive  and  absorption  curren  3 
are  small  enough  to  be  neglected. 
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AC  Components 


When  an  alternating  current  is  applied  across  the  circuit,  the  total 
current  would  consist  of  an  out-of-phase  capacitive  current,  la,  and  an  in-ph;  ge 
or  leakage  current,  Ib.  The  AC  test  set  must  supply  the  vector  sum  of  these 
two  currents.  When  the  item  under  test  is  low  in  capacitance,  the  capacitve 
current  may  be  small  compared  to  the  leakage  current  and  may  be  neglected. 

When  the  item  under  test  is  high  in  capacitance,  the  capacitive  current  may  b 
many  times  the  leakage  current. 

This  statement  can  be  illustrated  with  the  aid  of  the  following  example 
In  Figure  1  (a)  the  impedance  of  the  first  branch,  Za,  can  be  represented  by 
the  following  equation: 

(Ra)2  +  (1/WC)2  tan“^  1/wRaC 
where  W  =  2  tr  times  the  frequency 

C  =  capacitance  of  item  under  test 
Ra  =  resistance  due  to  absorption  losses 

The  impedance  of  the  second  branch,  Zb,  can  be  represented  by  the 
following  equation: 

Zb  =  Rb 

where  Rb  =  resistance  due  to  leakage  paths.  - 

The  current,  I,  can  be  found  by  dividing  the  voltage,  V,  by  the  total  impedam  o,  Z. 

If  we  let  Ra  =  lo'^  ohms 
Rb  =  10®  ohms 
w  =  2irf=2tr  (60) 

Currents  and  impedances  can  be  calculated  and  are  listed  in  Table  1,  page  12 
for  several  values  of  capacitance  with  other  parameters  held  constant. 


Za  =  Ra  +  jwC  = 


V 
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TABLE  1  -  CURRENT  AND  l^EDENCE 
FOR 

SEVERAL  VALUES  OF  CAPACITANCE 


V 

C 

10^  t 

Za 

2. 66X10^1-90“ 

2b 

10*^10 

0.  IJfS  400'ua 

..3l 

Stti 

500  ZjO* 

10“^" 

2. 68XI00 1-88* 

10®  10 

1. 88 188* 

5 

SOOiO* 

10-10 

2.  84X10’  l-t6“ 

10®  10 

17.  6  170* 

5 

SOO  ^0* 

10-0 

Is  035X10^  1-lS* 

10®  10 

48.2116* 

5 

50010* 

io-0 

io'^  1-^ 

10®  10 

5012* 

5 
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As  shown  in  Figure  2  the  magnitude  of  the  capacitive  curren 
I3,  increases  as  capacitance  increases.  When  the  capacitance  is,  10* 
the  leakage  current  is  over  25  times  the  capacitive  current  and  the  capaci  ive 
current  may  be  neglected.  As  capacitance  increases  to  10“®^  the  capaciti  e 
current  is  10  times  the  leakage  current  and  in  most  cases  ^he  leakage  cur  ent 
can  be  neglected.  The  ITT  Reference  Data  for  Radio  Engineers  shows  the 
capacitance  p6r  foot  for  most  single  and  double  braided  cables  to  be  abou’ 

30  pf  (10“^2)  per  foot,  but  some  low  capacitance  cables  can  get  below  10  p  /ft. 
Depending  upon  the  distance  between  conducting  paths  and  the  length  of  the 
path,  the  capacitance  increases  the  magnitude  of  the  capacitive  current  wiT 
also  increase. 


DC  Components 

When  a  direct  potential  is  applied  across  the  circuit,  the  tot;  I 
current  flow  would  be  the  sum  of  (1)  capacitive  current,  (2)  absorption  current, 
and  (3)  leakage  current.  The  capacitive  current  decays  at  an  exponential  rate 
according  to  the  equation: 

Ic  =  ^  exp  (-t/RC) 

where  Ic  -  capacitive  current 

E  =  applied  voltage 

R  =  Internal  resistance 


t  =  time  after  voltage  application 
C  =  capacitance  of  item  under  test 


The  absorption  current  is  caused  by  polarization  of  electric  charges  whicr 
take  place  in  an  imperfect  dielectric  under  the  stress  of  an  applied  voltagi 
The  absorption  current  also  decays  exponentially  according  to  the  equatior 
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MAGNITUDE  OF  CURRENT  VS  CAPACITANCE 
IN  AN  AC  DIELECTRIC  CIRCUIT 


VTT  Nl  INBilHnO  JO  3anXINOVi^ 
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CAPACITANCE  IN  FARADS 


la  AVctexpr-B', 


vt  ’3'e  la  =  absorption  cu  ■  rent 

A,  B -- constants  dep  nding  upon  material 
V  -  incremental  hange  in  voliag^- 
t  =  time  after  cl  nge  in  voltage 
C  =  capacitance  c  i»em  under  r^-st 

T  o  lealc.  :e  current  depends  on  the  rofad-senes  resistance  of  the  circuit 
ar  i  is  gi  n  by  the  equation 

Ic  ^  E 
Rs 

V.  ere;  Ib  =  leakage  curren* 

E  =  applied  voltage 
Rg  ~  total  series  resistance 

E  ;ause  a  first  two  components  d  cay  with  time,  the  current  measured 
af  suf:  oient  time  has  elapsed  for  conditions  to  stabilize  Is  ’he  true  Itakage 
Cl  rent. 

A:  anta^'  ;  of  the  AC  Test  Set 

A  gmating  current  is  prima  iiy  used  in  the  field  of  matf-rials  ’•  sung 
wi  re  hr  -kdown  tests  are  made  on  samples  of  insulating  materials  and  where 
Si  rples  r-e  small  enough  for  capacittve  currents  to  be  negi'-cted.  ATi^rnatmg 
Cl  rent  y  resses  the  dielectric  in  pi opo!^ion  td'*he‘ dielectric  corstan’  of  the 
m  :3rial;  rather  than  in  proportion  -o  the  leakage  resistance  as  is  ’he  case 
w<  h  DC  t  sting.  If  the  dielectric  constant  is  to  be*  s’ressed  or  mechanical 
vi  ration  produced  by  altematirg  current,  an  AC  tes*  se’  would  be  required. 
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Alternating  current  lest  sets  are  primarily  go-no-go  testers.  As 
the  voltage  is  raised  to  a  specific  level,  the  item  under  test  may  or  may 
not  break  down.  Indication  of  pass  or  failure  is  usually  given  by  a  light, 

The  degree  to  which  an  item  passed  or  failed  is  not  known.  This  test  will 
indicate  only  if  the  item  13  good  or  bad.  An  AC  test  set  may  be  inconveniently 
large  when  equipment  or  cables  of  high  capacitance  are  being  tested.  The 
capacitive  current  could  mask  abnormally  high  leakage  currents  when  high 
capacitance  is  '  resent,  m  production  testing,  alternating  current  permits 
the  use  of  a  sn.all  high-resistance  transformer  which  is  safe  and  easy  fbr 
the  operator  to  use. 

Advantages  of  the  DC  Te^t  Set 

A  direct  current  test  set  can  give  more  than  a  good  or  bad  indication. 

It  can  indicate  the  degree  to  which  an  item  passed  or  failed.  Direct  current 
is  used  when  information  regarding  the  comparative  condition  of  the  items 
tested  is  needed.  The  AC  test  set  requires  a  circuit  breaker  for  go-no-go 
failure  indication,  w-hile  with  a  DC  unit,  leakage  current  is  measured  and 

may  be  compared  with  a  limit  mg -yalue. _ ^Catastrophic  . failure  is  indica^^ed  by 

detection  of  avalanche  breakdown.  The  acceptable  value  of  leakage  current 
is  usually  determined  by  com  iarison  testing.  In  a  DC  test  set,  the  capacitance 
will  have  little  or  no  effect  on  the  steady-state  value  of  the  leakage  current, 
but  a  considerable  length  of  time  may  be  needed  for  the  current  to  decay  to 
the  steady-state  value.  The  chai'ging  currents  can  be  kept  within  reasonable 
limits  by  gradually  raising  the  voltage  so  that  the  incremental  voltage  divided 
by  the  series  resistance  yielc-s  an  initial  current  within  the  rating  of  the  test 
set-  If  the  voltage  is  raised  lowly  enough,  even  a  highly  capacitive  item  may 
be  tested  with  a  unit  capable  <>f  delivering  only  a  few  milliamps.  Direct 
current  test  sets  are  usually  used  when  the  capacitive  current  of  the  item  to  be 
tested  is  so  high  that  a  very  Tir^e-AC- unit  would  be  needed  to  perform  the 
same  test. 

AC  to  DC  Conversion  Factor 

When  direct  current  is  used  in  place  of  alteimaiing  current,  a  con¬ 
version  factor  is  generally  us  ed.  Aerospace  industry  has  been  using  values 
between  1.  8  and  2.  0.  Many  manufacturers  have  been  using  the  value  of  1.  7. 
The  cable  manufacturers  hav  ?.  used  2. 3  and  even  higher  numbers.  In 
the  American  Institute  of  Electrical  Engineers  (AIEE),  Transactions  Paper 
No-  58-845,  the  value  1.  414  imes  the  60  hz  rms  sine  wave  AC  test  voltage  is 
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The  value  of  1.  I  haa  the  most«  but  it  is  uot  the 

iu:c^^  stsi^sd.  Hie  leasou  that  there  is  no  universal  factor  is  because 
3ie  ^^ectric  ^mstsnt  varii^  from  matori^  to  material  and  aitematii^ 
curreit  stresses  a  nonhosH^^^His  material  in  proportion  to  its  dielectric 
Oi^taht.  Odier  £lch}xa  indudiog  different  mechanisms  for  breakdown, 
of  chaxgl^,  scr^e  leakage  effects,  dectrolytic  action,  etc, , 
w^l  d^er  from  su^rial  to  material  make  it  virtually  impossible  to 
M^i^h  a  univerifd  Hie  t^t  voltage  to  be  used  in  any  given 

d^ti^  d^i^ds  ^  t^lts  of  an  m^rim^tal  ai^roach,  and  the 

J^^^  of  theitist:  ^glheer.  in  general  agr^ment  with  the  R&D  engineer 
ii^'^er  conceded  {arti^ 


ra.  THEORY  OF  BREAKDOV/N 


Thermal  Breakdown 


The  thermal  theory  ct  breakdown  is  based  on  the  assumption  that 
all  solid  dielectrics  are  heterogeneous^  Because  of  this  quality  some 
parts  or  areas  have  a  lower  resistance  than  other  pans  of  an  apparently 
uniform  materlaL  When  a  current  is  pass^  through  a  sample,  it  will 
imt-be  uniformly  distributed.  Parts  lower  in  resistance  will  carry  more 
currait  ai^  will  be  heated  quicker  than  parts  with  lower  currents.  If 
the  adjacent  electrodes  or  insulation  can  conduct  the  beat  away  as  fast  as 
it  is  gsierated,  the  temperature  remains  stable  and  no  failure  will  result. 
Howevert  if  the  heat  is  not  removal  as  rapidly  as  it  is  generated  in  at^ 

{»rt  of  the  didectiic,.  |»ris  with  higher  currents  grow  hotter,  thereby 
lowering  the  resistance  still  further.  As  the  voltage  is  increased,  the 
ten^rature  ris^  until  thermal  instability  occurs.  Therefore,  the  die¬ 
lectric  will  breakdown  at  its  weakest  |»i&t. 

Thermal  Eff«^  on  hisulation  Resistance  and  Dielectric  Strength 

Electrical  conductivity  rises  with  increasing  temperature,  therefore 
the  hott^  of  the  solid  insulation  is  r^ev^  of  some  of  its  electrical 
Stx^s  with  TC  where  the-vplt^e  distriteitiim. is  inversely  proportional  to 
the  (^ni^ctivity.  TEisrr^ief  is  notinherept  in  AC  tesiing  where  the  field 
distri^Utm  is  determined  by  the  perimtiivi^':  oLthe  material  which  is  usu^ly 
of.^n{Msratu^  The^pre>  an  insulation  resistance  test  con¬ 
ducted  order  ^eii^u^e.of  DC  may  tolerate  high  ambient  temperature  where 
brokddira  may  occur  on  a  dielectric  strength  test  conducted  under  the 
influence  of  AC* 

hatrinslc  cr  tedc  Breakdown 

If  fliemal  instabitify  does  not  cause  breakdown  c£  the  dielectric, 

£siltt»  mgy  ^uli-when  the  fleld  intessi^'  b^dmes  sufflciently  high  to 
mi^^erahs  el^tj^ms  the  material.  Tlie  critical  field  intensity  is 

ksOTm  as  the  intrinsic  dideciric  strei^th.  Ionization  will  occur  from  either 
<»>llisi<m  or  chemical  actitm  um^r  the  Influence  of  fi^d  Voltage.  As  the 
v^t^e  is  .increase,  ions  will  ^ssipate  ener^^  and  produce  other  ions.  By 
iimreasii^  flie  a  bi^er  fidd  intensity  is  formed,'  ions  are  produced  at 

a  faster  rate  until  instability  occurs  and  insulaUon  failure  results. 


IS 


Intrinsic  Effect  on  Insulation  Resistance  and  Dielectric  Strength 

When  direct  current  voltage  is  increased,  electrons  leavii^  the 
cathode  will  move  toward  the  anode  with  greater  velocity  and  fewer  of  them 
will  return  to  the  cathode.  When  sufficient  energy  is  attained,  collisions 
between  electrons  can  free  additional  electrons  from  molecules  in  the  process 
known  as  ionization.  With  direct  current,  acceleration  of  electrons  will  be 
constant  and  ionization  can  occur  at  a  maximum  rate.  Alternating  current 
may  cause  reversal  in  the  field  in  less  time  than  ionization  can  get  started. 
Therefore,  an  insulation  resistance  test  using  DC  will  probably  cause  intrinsic 
breakdown  before  a  dielectric  strength  test  using  AC  for  any  given  voltage. 

Disruptive  or  Electric  Discharge  Breakdown 

Electrical  breakdown  is  caused  by  physical  rupture  of  the  didectric 
resulting  in  the  destruction  of  molecular  and  other  boridsi  TMs  rupture  is 
causal  by  electrical  charges  which  are  produced  by  high  Jocal  fields.  If-rsolid 
materials  are  tested,  the  dischat^es  usually  occur  in-^e  surroundliig.-meiaium 
which  increases  the  test  area  and  produces  failure  at  or'b^ohd^the^electrbde 
edges.  Discharges  usually  occur  in  internal  voids  or  bubbles/that  are-pres^t 
or  may  develop.  They  are  caused  by  local  erosion  or  chemical  decomposition. 
This  process  usually  continues  until  a  complete  failure  path  is  formed  between 
electrodes. 

Discharge  Effect  on  hisulatiou  Resistance  and  Dielectric  Strength 

A  discharge  across  a  void  is  similar  to  discharging  a  capacitor. 
After  discharge,  the  voltage  drop  across  the  void  itself  is  lowered  and  the 
discharge  may  stop.  Depending  on  the  time  constant  of  the  material,  fur&er 
discharges  may  take  place  with  DC.  When  altematir4g  current  is  used,  the 
internal  discharges  can  occur  during  each  half  cycle  Alternating  current  will 
subject  the  insulation  to  a  vibrating  mechanical  forjc. which  results  from  the 
alternating  field  and  this  effect  cannot  be  obtained  with  steady  direct  current. 
Therefore,  an  AC  test  will  probably  cause  disruptive  breakdown  before  a  DC 
test 
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IV,  THE  IMPORTANCE  OF  60  HERTZ  DIELECTRIC 
STRENGTH  TESTING 


a  report  titled  ’'High- Potential  Testing  of  Aircraft  Equipment 
ElectHcai  Insulation",  failure  analysis  of  28-voit  equipment  showed  that 
SOO^vplt  rms,  60-hz,  tests  were  not  detecting  insulation  flaws  which  sub¬ 
sequently  caused  service  Mltires.  The  purpose  of  the_500-volt,  test  was 
to  detect  flaws  in  theinsulation.  In  operation,  inductive  circuit  interruption 
transients  are  vety  Tikdy  to  dischatge  through  these  flaws  or  ^puncture 
n^r^naity  thin  insulatidh-and  cause  insulation  failure.by  tracking.  Circuit 
transi^i  voltages  discha^ed  across  voids  in  the  material  were  not  being 
detected  this  test 

An  investigation  was  made  to  determine  the  reason  for  insulation 
failure.  The  investigation  indicated  four  factors  caused  insulation  breakdmi^ 
They  are; 


a,  Voltage:  gf^ients-inithe  gap:ar6a  caused  by  the  change 
in  dieleetflc  constant  from  air  to  material, 

b,  Ijintited  dissipation  of  heat  caused  by  loss  ofrconvectioh 
cooling. 

c,  Contamihatldn'df  the  air  gap.area  with  products  of  the 
discharge. 

d*  Air  gapipr^sure  changes -caused  by  confining  the  dis- 
chazgSs  rin^Sm^l  wholes, 

Under  highly  contr6ll§d:cpnUtidha,  tests-were  made  on  mateii^s  l,  5,  3,  7,- 
and  9  mils  thick,  ll^ults/s^w^-500  volts  rms,  60  hz,  tests  wquid  not-detect 
a;fls%.  reUi^ly  in  hisuiatipnitiiicker  than  one  miL  One  thousand  volts,  rms 
w(»4d;probably  be  pecd^ito,  det^t  a  flaw  to  3  mil  insulation.  Theiinvestigatlon 
dso  showed  the  iarger;the  diameter  . of  the  hole  the  lower  the  bre^pwn 
voltage. 
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Governmeatal  Dielectric  Withstanding  Voyage  Tests 


The  purpose  of  the  Dielectric  Withstaadlug  Volt^e  Test  In 
Mil -8X0-2020,  Method  301,  is  "to  deterwlne  whether  insulating  materids 
and  spacings  in  the  component  part  are  adequate".  In  governmental  t^ts , 
Dielectric  Withstanding  Voltage  Tests  are  usually  conducted  at  SOO  volts  rms, 

80  h2,  and  according  to  the  previous  report  on  didectric  strength  testing  of 
aircraft  equipment,  only  a  one  mil  flaw  can  be  detects  reliably  at  SOO  volts 
rms  and  SO  hz.  To  detect  a  3  mil  flaw,  1, 000  volts  rms  at  60  hz  wt^tid  be 
needed.  The  aircraft  equipment  report  and  various  other  stHirces  indicate 
there  is  little  advantage  to  equipment  testing  using  SOO  volts  rms  AC  vdien 
500  volts  DC  tasting  is  preferred,  "Failure  analysis  of  28-volt  equipment 
repeat^y  demonstrated  that  5C0-volt,  60-cyclo  AC  tests  were  not  detecti!^ 
insulation  flaws  which  subsequently  caused  service  failures,  Other  sources 
can  auf^rt  the  aircraft  equipment  report's  findings,  American  Society  for 
Testily  and  Materials  (ASTM)  maintains  that  "dielectric  stmigth  is  not 
significantly  influenced  frequency  variations  in  the  range  of  commercial 
power  frequencies  (50-60  hz), "  "The  effects  of  capacitance  &re  discemable 
at  60  hz.  **2  It  is  a  known  fact  that  an  AC  current  can  cause  field  reversal 
in  less  time  than  avalanche  breakdown  can  get  started, 

Hlatorv  of  High  Potential  Testing 

The  importance  of  sound  electrical  insulation  has  been  rect^piized 
from  the  early  days  of  electricity.  The  need  for  improved  testing  and 
insulation  was  emphasized  by  damage  cmised  by  fl^lurver,  lightening,  transi^ts, 
and  problems  caused  fay  rantinu^  use. 

Most  early  testing  was  done  with  DC  potentials  of  up  to  500  volts. 
Higher  DC  potentials  were  not  feasible.  Later,  with  dev^(^meat  of 
transformers,  AC  generators  mid  motors  much  insulation  of  testing  turned  to 
AC.  As  the  years  passed  and  the  electdcal  industry  ez|>ai^^,  rotati!^ 
machinery,  transformers-aad  cables  became  larger,  AC  test  equipmmrt 
l^ame  larger-ai^  more  costly  to  keep  pace  with  the  insulaticn  te  be  test^ 

The  iAase-to-|^iase  or  phase-to-ground  capacitance  of  some  b€«ame  so 
large  drat  die  cai^citive  current  was  as  high  as  2-3  ampere 
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It  w§s  sot  until  the  1930's  that  the  invention  of  the  K^etron 
hahe  led  to  the  dev^opment  of  direct  current  high  outlies. 

^?iuse  of  ne^  deigns  available  with  the  Kenetron  tube,  DC  vol^e  sui^i^ 
were  a  great  improvement  when  compared  to  size,  weight,  and  cost  of  the 
AC  units*  Hit  still,  AC  teat  seta  pi^ominat^  in  the  10SD*s  and  l§40^s 
b^auae  of  ite  loi^e?  history  and  the  considerate  data  &at  bad  be^ 
aomtnmiated  cori^atisg  test  remits*  tesdng  was  done  with  AC  also 
b^isuse  of  the  Isi^  of  g^iersl  famiiiaxify  with  the  newer,  more  sophist!- 
cst^  X>C  t^  ai^  the  availabili^  of  AC  e^pment,  ra&er  fhm 

hecanse  &e  AC  test  per  se  is  better. 

As  time  prc^r^sed,  trem^sdous  ^vsnc^  in  the  deetronic  imbistry, 
ino^^ing  use  of  high  idtsg^,  aid  the  increasi::^  con^eaity  of 
the  demand  for  nu>re  s<qddsticated,  more  sensitive,  ami  safer  test  eE|:^ilpmuit 
incr^sedf  The-hi^  reactance  transformer  made  small  por^le  unite  for  AC 
^ti^  mmvmiient  to  use,  sM  safe  to  It  wss  until  the  l§40*s 

teat  tee  advmit  of  the  h^h  vacuum  r^tifiers  reduced  tee  size,  wd^,  and 
post  M  tee  DC  set  teat  DC  ^tii^-b^came  iQOiniler.  TOd^,  wite  tim  gr^t 
^vam;^  in  Dm  Ddd  ofaelshium  si^  sDicohrsolid-state  rditiDers,  tee  DC 
s^  is  high  in  quality  and  reastmahly  pzicmi 

hi  s^te  of  tee  eady  h^  start.  AC  sets  h^,  DC  test  unite  are 

uf^  te  areis  wbe^  AC  praiominat^  DC  test  sate  are  psd^erzed  to 
btet  items  ^  high  caitecltajoce  or  Wh^  quantitative  rather  teen  qualiiattve 
m^surdn^te  must  be  made. 
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V.  FACT088  AFFECTIIKS  INSULATION  RES^ANCE  AKD 
DISL5CTRIC  CTRSNGTH  TESTING 


Tl^  of  ^  t^t  its  r  u?r<»mdiQg  m^lum 

tl@  stT^^bt  t»t  for  most  matori^s  siksU  v&riations  of 

a£^^  Imve  a  strength  will 

4aor^e  te^^ratare,  the  e^<^t  to  which  this  is  true 

^  m^rfM  Baish^  t!m  tem^rahire  reduces  the 

fiBsiimr  U&it  'Tclomh  csusU^  &e  ^ectroos  to  ttaydi  fsrUmr 

ai^  &r^r  of  &a  ther^  permittiog 

&€ah  to  j^rgy  to  cfUiSe  icmisatiou  wftit  every  c^^tisioo. 


is  ^Ip  affimi®d  by  ^mI^js^  aa  dielectric 
wihe  type  of  iosidatiip},  ^ 
i^lliii^-surfSf^  l^^rimeutsl 
!^;:^^&i^i^iQ^|aliGffi-r<^ist3xme  wM  ^i^^e^fhy-a  fh*^  ^o  for 
^Msh  l^t  ihs^sdoia  have  multiidiers  of 

^r  ^h  l6°C  iimreMP;^  temi^r9tar6»  with  the 
moitl^.er  for of  remeihi^.^rcfximstdy 

over  the  ^rstiig  r^e. 


asipr^^i^  Is  increased^  the  dide»;trio  strm^ih  of  the 
is^e^j^  is  the  that  ee  pr^sare  Is  issre^ed 

ye  pl^^r  tc^ether  ^e.distssce  bew^. 
I'tye  ^.xi^  perffiitti^.mem  to  pl<^  op  mifScieitt  ^rgy  to 

fsci^iQt:&@  hresl^f#& 

role  is  fioix^^cld^e  to  Ae  &e  gas 

c^Usiems  berame  lys  ir^^t*  permitth^  the 
si4^des:t  ^s igy  to  cmese  a^  lower  the  bi^h 

dews  As  ilm  g^  pi^eaize  is  iowerid  ftiiVtor^r,  toex%  is  a  ^Ist 
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ths2^  &T6  go  few  molecules  that  the  el^tnms  have  a  ve^  chance 
of  roacMt^  &g  ai^e  witlnnit  many  collielona.  The  chance  of  bres^down 
becomes  leaa  a^itional  voltage  is  to  cause  bre^own  sm  sl^!^ 

in  Figure  3.  It  can  be  r^tat^  as  pressure  decreases,  the  br^^^wn 
v<^t^e  d^^ases  to  a  minimum  at  a  critical  presauie  and  it  increases 
until  the  vahie  of  bt^ahikiwn  in  a  i^rf^t  vacuum  is  reach^  Because  of 

icsiisstion  ef3ciency  at  very  low  pr^sures  a  lot^  gap  may  break  down 
at  a  lower  voltage  th^  a  slu»rier  gap. 

Tbs  di^ectric  stre^^ih  of  air  at  i^rmal  gtmosi&eric  temperature 
and  pr^su^  is  22, 000  vol^  irms)  |^r  inch,  bre^^wm  cm  mmr  at  341 
volts  at  ^e  critical  prmsure.  Bree^own  vol^e  desr^^  by  a^rc^maMy 
IS  pez^mt  for  ./ery  23  pei^smt  decree  in  prea^re.  The  dmr^e  in 
btei^^wn  vE^t^d  of  air  with  an  increase  in  altibide  of 

aimozse  or^missi!ri>5r&e  e^pmmt  of  grmter  im^rl^e  b^mse  i^ctz^s 
whibh  weie  more  ihm  ^^ate  at  mrmal  atmm^eric  ps^gut^  m^  beozme 
ih^i^iate  at  high  eltibid^ 

Time  airi  of  AmsSied  V<^tme 


Keieetrie  ^rmgih 

Test  results  az%  inSuenc^  by  ^e  time^ai^  rate  of  voltage  ap^icatioa. 
In  mmt  cas^,  the  br^^kzwn  vdt^e  will  tend  ^  tner^se  wi^  incr^si!^  rate 
of  vol^e  i^^catim,  this  lesults  from  ^  Imt  Imth  tlmrin^  break^wn 
mechanism  ^  the  discharge  mechanism  are  time-d^^ulent,  althi^^  in 
some  cases  the  disE^sge  mmhanism  cmae  rapd  failu^  pr^^cii^ 
critical^  hl^  Im^  ^^d  ist^ities*  Also,  the  slmver  ^e  a^i^^m  of 
voltsf e,  ^e  mos^  tlk^y  fsUo^  will  occur  at  a  Icwer  G^falty, 

vol^e  ia  im^ased  slow^  frsm  sero  to  ^eir^uir^  yslue,  ud^g  brei^ki^ 
meuiw  or  ^  v^^e  is  raii^  ib  discrote  stei^  To  hw  memi^M,  a 
statemmt  cE^esai^  dieli^tric  stres^th  abmt  a  imrticmiar  material  shmild 
sf^l^  or  to  tfme  of  pr^r  to  brW^Wii.  ftadim 

bleats  tod  to  dmioaie  if  to  rtf  to  test  Is 

e^i^^  imisatoi  is  ^  instentas^ms,  to^oie  a  d^lnlte 

inters  of  ttme  te  s^olr^  tor  bra^d^^  to  occur.  Seomto  of  teutot,  it 
is  very  for  a  eharp,  high  voltes  ^Ise  mt  to  have  flme  to  cause 

brea^ton  wMI«  s  am^er  pilae  of  lo^er  duriMim  iKMdd. 
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Measurstnsnt  of  insulation  rasista&ce  is  complicate  the  time 
of  Tims  of  eleetrificatton  means  ^lat  as  a  pot^ti^  diSer^ce 

is  ai^ie  Ui  a  sp^im®,  tiss  current  thjoi^h  it  g®esaliy  dsci^ss® 
ssym^ticslly  towse  a  limiting  value  which  be  l®s  ih®  I  pesoeat  of 
&s  csrr®t  observe  at  the  emi  cf  the  first  minute»  The  d®  j^ase  of  ^rrent 
is  attfl^te  to  dial®trie  abscrptimi,  chai^iM  ci^citance;  sad  ihs  swe^  of 
m^ils  ioas  to  tiie  The  conventional  ai^itraiy  time  of  e!®trification 

has  be®  sp^lfie  as  one  minute^ 


Diel^tric  strength  testa  which  slts  noadestracttve  are  cell^  *^roof 
Th#  are  sasde  to  detect  d®ign  deficit!®;  fiaws»  damage  is 
msaai^gtoj^  or:6^  significant  variation  is  didectric  str^tii.  The  level  of 
v«dl^e:^^sd  a^ld  give  considsrsttoa  to  both  the  inhersst  did^tiie 
hre^^swn  atre^th  smi  the  spacit^  brea^jwn  for  the  insulatii^  wall  toi<^ess. 
%  sgacii^ibreakd^s  vdtsf  e-ls  meant  theidjulvaiettt  volt^e  at  which  air 
sp®isgi  will  brea^owtk  Wd®tiic  testing  shcafid  be  gre^r  than  the  gas 
Idvd  airf  lower  than  the  diei®tiic  brei^twa  voltage. 


to  many  cases  both  volume  ami  surface  reslst^ce  or  cot^ctasoe 
of  tile  speciis®  be  volt^e  sensitive,  to  such  a  case  the  same  volt^e 
^radl®t  must  be  na^  II  r^ulto  are  to  be  mmsist®t.  A-tolerance  of  5  parent 
is  g^rslfy  giv®  be^^  ap^led  and  apeclfi^  voIt^e»  tosulati®  r®ist^e 
t®ta  are  at  §00  vdts  DC  witii  social  t®t  Q®erdiy, 

issuldi®  r^totonce  ^11  dmirease  wlto  sn  increase  of  a^i^  vdtoi&  The 
vsriati®  is  i^latmice  is  usually  ^e  to  nmistnre  or  voids  In  tiie  ininlatt®  wall* 
A  c^^^  in  s^istonce  c®  be  a  toxewsmi^  ol  sa  toiufe. 


Hotaiditg 


Di^sstidc  Str^ogfe 

The  relative  humidi^  ca&  greatly  influecce  dielectric  strength. 

Whes  moistsire  is  al^ort>^  or  on  the  surface  of  the  material  tested  the 
di^ectrie  loss  and  surface  ccaduetivlty  is  increased.  The  extent  to  which 
diel^ric  loss  and  surface  coi^cUvitj'  are  increas«3  is  dependent  upon 
tile  nature  the  material  being  tss^d.  However,  some  materials  that 
^sorh  little  or  no  moSsture  may  he  a£fect«3  because  of  the  greatly  increase 
chetmcal  erfeefe  of  discharge  in  tiie  presence  of  moisture.  Moisture  lowers 
dii^ectric  strs^th  b^ause  water's  dielectric  properii^  are  dominat«i  by  a 
polariaation  consisting  of  the  orientation  of  the  molecules  the  action  of 
tiia  U^d,  the  molreule  havii^  two  hydrt^en  atoms  with  their  -^1  clmrges 

unsymmstrically  disposed  with  r^pect  to  the  ojQrgen  atom  with  its  -2  charge, 
thei^^  giving  it  a  imrinanent  electric  moment.  This.polarisation  accounts 
for  tiia  very  h%h  dleleotrie  resstant  of  water  at  ordinary  temperatures  (€^~  SO). 

The  eS^ta  of  r^atlve  humidity  can  be  limited  by  standard  conditionit^  pro¬ 
cedures. 

Xasolitf^-^stitance 

moisture  is  absorbs  into  the  |»res  of  ^e  insulation,  the 
r^steace  becomre  lireer  wSle  the  power  factor  is  increase  Volume  re- 
Sistivi^  is  very  seiiltire  tiitem^r^re  diargre,  while  surface  resistance 
will  oblige  ri^dly  with  disnges  in  humidity.  The  change  is  always  exponentiaL 
If  rdative  humidi^  is  dialled  from  25  percent  to  ^  percent,  resistance  caa 
be  eh^sl  by  a  factor  of  one  mUlion.  Wh^  an  insulating  surface  gets  wet,  a 
titia  of  water  may  be  form^  makicg  the  surface  higMy  conductive. 

greoaeacv 


ft  has  be^  shown  in  Sretion  in  that  dielectric  strei^th  is  net 
aevareiy  at  ^swer  f^^u^ies  <50-50  hs).  At  higher  fi^uscles  the 

conreree  m^  be  true,  C^^bnee  may  increase  the  insidator  a 

coi^ctor  where  It  can  give  or  gitamd  emt  electrical  signals. 


27 


Thickness 


The  dielectric  strength  of  electrical  insulating  material  is  dependent 
on  specimen  tidckaess-  The  dielectric  strength  for  most  materials  varies 
inversely  as  a  fractional  po^^er  of  the  specimen  thickness*  For  some  materials 
the  dielectric  strength  varies  as  the  reciprocal  of  the  square  root  of  the 
thickness.  As  a  result,  di^ectric  strength  of  as  insulating  materid  is  ^gl 
to  the  hrealso?¥n  voltage  divide  by  the  thickness  and  is  usually  espressel  in 
volts  per  mil. 

Electrtrfe  Configuration 

Didectric  Strength 

In  gaier^,  breakdown  voltage  tends  to  decrease  with  increasii^ 
electrode  area  and  this  effect  is  more  prommneed  on  thinner  sp«:iinens.  Besaits 
aro  also  iw  ei^trcde  material  since  the  thermal  and  discharge  m^lmstisms 

ms^  be  inflasnced  hy  the  tiiermal  cowlactivity  and  fimetioa  of  the  electrode 
materisL  The  air  bresfcicwa  voltage  increases  as  spacing  between  the  electrodes 
incx^asest  but  as  ajacli^  aj^roaches  aero  distance  the  curve  differs  because  of 
Mgchea*s  Law*  Affer  the  critical  gap  spacing  is  reach©!  the  breakdown  voltage 
of  air  varies  invera^y  proportional  to  the  electrode  spacirg.  Accordiig  to 
Paschen's  Law,  the  minigaun  volt^e  requir©!  to  break^wn  air  at  a^  s^ration 
is  ^u^  to  335  volts  X>C  or  AC  i^sk.  This  is  a  significant  point  to  be  considered 
in  insulation  d^ign  ^  testii^  For  lower  voltages,  any  se^ratioa  betweei  t^ 
wires  is  ad©|uate  as  l<mg  as  it  is  clean  and  dzy. 

Contour  of  ^^men 

The  measur©!  value  of  the  insulation  resistance  of  a  speeim©i  results 
from  bo&  its  volume  and  surface  resistances.  Because  of  the  differ©it  pro¬ 
perties  in  different  materials,  there  is  no  assurance  that,  if  material  A  has  a 
bi^er  insulatica  r^tstance  timn  material  B,  it  will  also  have  a  Wghsr  r^atonce 
than  B  in  the  a^lcation  for  which  it  is  intend^  Tae  contour  of  the 
can  chaise  toe  insulation  resistance  significantly. 


Environment 


The  environment  can  affect  the  heat  transfer  rate,  external 
discharges,  snd  Ssld  uniformity,  thereby  iufiueneing  test  results.  Results 
from  one  medium  will  differ  when  compared  to  those  obtained  from  a 
different  medium*  Most  of  today ‘s  ^ipment  is  subject  to  a  wide  range 
of  environmentsl  conditions  and  excelling  high  reliability  requirements. 

Most  eiuipment  used  in  aircraft  or  missiles  may  be  subjected  to  temperatures 
ranging  from  -70’  F  to  several  hundred  d^rees  Fahrenheit  under  norm^ 
c^ratii^  conditions.  Vehicular  vibration  due  to  movement  over  roads  or 
acc^eration  in  tbs  air  may  cause  considerable  stress  on  equipment  Handling 
subjerts  equipment  to  various  degrees  of  wear  and  tear. 

Contamination 

Di^ectric  Strength 

Contamination  of  the  surface  of  the  insulation  with  airborne 
chemicals,  dust,  moisture,  etc. ,  can  severely  r^uee  the  dielectric  strength 
of  a  materisd.  When  impuriti^  are  present  the  amount  and  nature  of  the 
impurity,  the  material,  sise,  ahaps  and  spacii^  of  electrodes  will  all  have  a 
considerable  affect  upon  the  anal  dielectric  strength.  Other  costaminantg 
such  as  gr®3se  and  oH  pich«3  up  during  handling  of  the  material  may  lower 
the  dielectric  strength. 

hisuiaUpn  R^istance 


The  resistance  of  clean,  dry  insulation  will  tend  to  increase  for 
hcaus  when  measured  at  a  fixed  voltage.  On  contaminated  insulation,  the 
stesify  value  of  resiatanc-i  will  be  reached  quicker  and  ususlly  at  a  much 
lower  level.  Dirt  or  dust  cn  an  insulating  surface  will  increase  the  tendency 
for  formatioa  of  moiature  films.  A  ve^'  thin  moisture  film  may  have  such 
a  high  conductivity  as  to  reduce  the  insulation  resistance  hy  a  factor  of  several 
fiiQusand  to  one. 
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Waveshape 


Dielectric  strength  is  influenced  by  the  waveshape  of  the  applied 
voltage.  The  peak  value  a  sine  wave  should  be  1.414  times  the  rms 
voltage.  Undersized  or  overloaded  input  circuits  and  excessive  leakage 
current  (low  resistance)  can  cause  waveshape  distortion.  Most  distortion 
consists  flattened,  sharp,  or  jsigged  peaks  higher  than  those  found  in 
undistc^'.fid  waveshapes.  The  maximum  stress  on  a  material  being  tested 
is  due  to  the  rms  value  when  heating  is  most  significant  or  peak  v^ue  of  the 
voltage  when  highest  voltage  stress  is  most  significant.  The  scale  of  a 
voltmeter  is  usually  calibrated  in  terms  of  rms,  but  yields  the  true  rms 
value  only  if  the  output  is  a  good  sinusoidal  wave.  If  the  waveshape  is  irregular, 
the  peak  reading  obtain^]  may  not  be  1.  414  times  the  true  rms  voltage. 

Aging 


Aging  is  defined  as  any  slow  deterioration  that  has  not  been 
satisfactorily  explained.  Mineral  insulating  materials  like  mica  and  quartz 
are  slightly  affected  by  s^ing,  but  most  dielectrics  are  organic  compounds 
and  are  liable  to  undergo  changes .  Aging  consists  of  an  oxidation  of  the 
material,  reaction  with  the  water  molecules  that  penetrate  its  structure,  the 
liberation  of  free  ions,  the  breaking  up  of  long  chain  molecules  into  shorter 
ones,  the  linking  up  of  chain  into  a  three-dimensional  network  or  the  breaking 
up  of  ciystailine  aggregates.  Aging  is  accelerated  by  electrical  use,  chemical 
corrosion  in  the  atmosphere,  temperature  changes,  and  ejqiosure  to  light  or 
ionized  air.  .Aging  is  liable  tc  be  j»ccompani«l  by  critical  changes  in  dielectric 
properties  which  may  lead  to  trouble  where  suitable  insulation  once  existed. 

Previous  Test  History 

Dielectric  Strength 

Every  application  of  voltage  to  a  dielectr.’c  material  deteriorates  the 
insulation  and  lowers  the  dielectric  strength.  Deterioration  can  change  the 
electrical  parameters  and  physical  characteristics.  It  is  generally  accepted 
that  if  a  piece  of  material  can  safely  withstand  a  given  voltage  for  one  minute, 
it  can  withstand  80  percent  of  that  voltage  for  hours.  A  one- minute  test  at  a 
given  voltage  is  considered  ^juivalent  to  a  five-second  test  at  120  percent  of  that 
\oltage.  ^  As  n  -electric  m  «teridl  is  continually  retests,  a  lower  test  voltage 
can  give  the  same  results  as  aid  the  initial  test  volt^e. 


iwRulation  Resistance 


Ae  with  dielectric  strength,  each  application  of  voltage  to  an 
insulator  deteriorates  the  insulation  and  lowers  the  insulation  resistance. 
An  e^mple  of  previous  test  history  affect  on  insulation  resistance  wouid 
be  aging.  The  longer  a  piece  of  electrical  equipment  is  used,  the  more 
liable  to  breakdown  it  becomes. 
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GLOSSARY 


DIelegtiic 


A  noncoiaiuctlng  sub„  tee  or  material  through  which,  however, 
induction,  rnggnetic  lines  of  force,  or  electrostetic  lines  of  force  may  pass, 

A  di^^tric  is  a  m^um  in  which  It  is  ^g<?ible  to  produce  and  maintain 
an  metric  field  wife  IMe  or  no  sufs^ly  of  m^rgy  from  outside  sources. 

The  ®sesgy  required  to  produce  the  electric  field  is  recoverable,  in  whole 
or  in  1^,  when  the  field  is  removal.  In  generol,  all  insulating  materials 
ai^  dideetrics. 

Dielectric  Absorption 

A  phsiomenan  that  occurs  in  imperfect  didectrics,  whereby  positive 
and  n^ative  charges  are  sei^rat^  ai^  fiien  accumulate  at  certain  r^ons 
wifiiin  the  volimie  of  the  dielectric.  This  phenomenon  usually  manifests 
itsdf  as  a  greually  decreasing  current  after  the  application  of  a  fi;:^  DC 
volt^e. 

Dldectrfo  Polarisation 

The  dipole  mommt  per  unit  volume  in  a  didectric.  It  is  a  vector  in  the 
direction  of  the  d^tiic  field  md  rdated  to  it  by  the  following  relationship; 

P  =  D-€^E=  E)=  (€-eo)E 

where  P  =  Didectric  i^larization 

D  =  Electric  Disin^ement 
f  =  Permittivity  of  tiie  Did^tric 

C^j=  Permittivity  of  Free  ^mce 
Xs  =  aigcs5^bi!i^  =  <f /€q  -  1) 
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The  did^tric  strasth  of  a  material  is  ths  poteati^  gi^^t  at  ^bloh 
el^rioal  failure  or  bre^Sown  occurs.  To  d>tain  &e  true  dideetric 
str^^th.  &e  aetusl  maximum  g must  be  coasides^,  or  &e 
piesa  asal  ^eot^es  must  be  d^igs^  so  that  usifons  gi^eiit  Is 
The  value  the  did^ric  strisg^  la  practice  t^ts  will 

OB  the  of  the  materia!  ai^  on  the  me^)d  ami  co^ttous  & 

test. 


An  dectret  is  %  did^tric  poss^a;i^  dMdc 

of  opposite  sign  a!^  of  a  perman^t  or  seml^rm^i^t  sate^  It  is  an 
dectriesl  ansl<^  ot  a  permanent  magnd. 

Imimrfm^t  Kdeetrie 

A  dideciric  la  which  a  part  d[  the  ass«s^  |o  an 

dectric  fidd  i'n  the  didectric  Is  mt  returtied  te  dm  dec^e  ^8^n  die 
fidd  Is  resmw^  The  missf^  which  is  bo<  reteraM  is  ccmver^i^  h^ 
in  the  didectric.  <A!SS) 

A  materld  vi  such  low  con&ictivity  &e  Oow  of  tor^st  &ro^  It 

ui^r  spsdSe  eon  u^slly»  Imt  dw^s,  be  n^,sc^ 

hmulstor 

The  in  ^nds  at  ^cb  the  iasdater  teils  to  ^sfosm  ite  fsBo^oa 

d^r  d^tdcally  or  mes^sMeal^,  volt^  ^  m^tenicd  iti^s  Imli^ 


Permittivity 


nie  persaaittivlty  (C }  of  an  isotropic  m^ium,  for  which  the  directions 
of  ihe  el^ttic  disi^acement  ezid  the  electric  0eld  intensity  are  the  same  at 
8^^  ^int  in  &e  m^um,  is  the  magnitude  of  the  electric  displacement  density 
at  that  ^int  divide  by  the  electric  field  intensity  there.  The  permittivity 
of  a  materM  is  die  value  of  the  constant  $  appearing  in  the  denominator  of 
the  Ct^ondz  force  Ration  which  es^r^ses  the  force  between  two  charges 
immersed  or  insbedded  in  the  materiaL  The  permittivity  is  the  relative 
permittivity  multiplied  by  the  permittivity  of  free  space, 

f  ==  Kec^ 

^ere:  €  *  permittivity 

Ke  -  rdative  permittivify  {dielectric  constant) 

€  =»  of  free  si^e. 

^wer  g^iotor,  IM^eetric 

hi  power  systems,  ^e  cosine  of  the  {^electric  {^ase  ainle 

or  sise  dideetric  Itms  angle. 
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FORMULAS 


=  ^/wC=  V2fffC 


^AC  " 

^15C* 

J*c‘  ■\/<8dc'®  * 

whsra: 

Xc 

=  Cspecitive  Rsastsace 

^AC 

^  to  Altemetic  Cu7r@3t 

%C 

=  R^istszics  to  Direct  Curr^t 

Let 

*4>c 

«100  MEGC^MS 

c 

« 10  ^  =  10"^^ 

3S 


APPENDIX 


Ilie  di^eotrio  cosstsnt  of  a  material  is  the  ratio  of  the  capacitance, 
CXf  of  a  gives  coaSguration  of  ^ectrodea  v'lth  a  material  as  the  di^ectxic, 
to  the  cep^tssci,  Cv,  dimeciric;  Ke  Cx/C^±  When  absorption  losses 
sre  sheeted,  e  dlelectiio  material  can  be  repressit^  the  following 
schemstic: 


PhMe  As^e,  8,  is  the  ai^jlar  difference  between  the  sinusoidal 
sUerastl^  ^Ser^ice  a^^ed  to  a  dlsiectric  and  the  coms^nvmt  of 

^  catrr^  havit^  ^e  same  period  as  the  pot^tial  . 


IM&^strie  I^s  At^e,  d  ,  is  &s  diSeresce  between  ^  degrees  and  the 
di^sslris  li^e  Tm  y-comp«aeit,  wCV.  is  affects!  by  fr^uaicy  ami 

cai^tsnc^  js-mja^ment  is  affeetmi  by  coiahictaace-  If  the 

c^dt^cs  is  {i^  or  frg|usK^  is  low  ^0-60  hs),  Uie  y-comt»nent  may 
^  si^Hi?  than  ^  2  cs^citance  or  frequency  is  high  the 

is  tsna  is  shewn  is  F^re  5  . 


S7 


Tgbls  2  costeiss  the  rsiulte  of  cspgoitiv©  resctanos*  ,  imp^laace 
to  gltersatiug  euy^t,  ^AC  »  tad  the  ratio  X^/Z^r  *he  DC  r^istar.ce 

to  iOO  saggohrts  ssd  ctpaoltesce  ^us!  to  10  pf  for  10,  60,  100,  1,  GOO  tad 
2, 600  hg  gad  ISO  ^  for  5,  10,  60,  100  aad  1, 000  hz.  The  Is  5lga3rw 
sk^ws  tew  vsii^  with  it&^ssm  ate  espacitance.  The  cdoy?5*aate  is 

varial^e  ^/S*^  ate  the  abscissa  is  toe  vatipMe  frequ^^cy*  Catofi  ealaes 
for  iaselalio?:  i^e^acs  atmigto  were  made  at  toe  points  ^/Z^q 

equal  to  10  percsit  iO  This  i^us  may  be  increagad  or  decreaste, 

tet  10  ehst^f  was  uste  m  ssx  @i|^eeriQg  g|^»siis8tio&  hi  the  tret 

b^ow  10  freest  di^tetslc  str^gto  W«ild  I'JobiHy  be  toerooly  t^t  Above 
90  i^rcsat  ineulatitm  s^ls^ics  wtted  probably  by  the  only  The  shsdte 
tress  stew  where  born  ia^atitm  t^isia&ce  ate  dielectric  etmigto  might  be 
ai^ed. 


At  toe  i»>lat 


“  0*  o  Z^Q  “*  0*  o 


=  1/4 


stat^  to©  can«5t  torou^  toe  csptcitor  is  tim^  toe  letksge  rssistaaco 
curr^t 


to  cmteusics,  toe  graph  in  Figure  6'  shows  tost  wh^  the  leelcage  curreat 
is  10  tim^  toa  cap^tlve  ci^rr^t  only  iusulatimi  leststsnce  t^tisg  would 
pr^iaMy  be  uste  ate  if  toe  ca)^fiitive  currect  ie  10  times  toe  le^^e  cun^t 
ocsiy  dialectrio  strsigto  wtadd  probably  be  used.  All  other  tiia^  both 

test  might  be  a^itec 
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TABLE  KO.  2 


■m 

^/Hz 

•  10 

1.59  X  10^ 

1.6  X  10? 

0.99 

•  ki  . 

2.65  X  10^ 

2.8k  X  10® 

.93 

100  . 

1.59  X  10® 

1.89  X  IC^ 

.84 

1000 

1.59  X  10? 

1.03  X  10® 

.15 

2000 

8  X  10^ 

10® 

.<B 

5* 

3.2  X  ioS 

*  3.35  X  10® 

.96 

10^^ 

1.59  X  10® 

1.89  X  10® 

.84 

60» 

2,65  X  10? 

1.03  X  1(^ 

.26 

IpOft 

1.59  X  10? 

1.01  X  10® 

.16 

1000» 

1.59  X  10® 

10® 

«C  =  100  pf 


